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Laser damage testing of small optics for the
National Ignition Facility

Robert Chow, Mike Runkel, John R. Taylor
Lawrence Livermore National Laboratory, Livermore, California
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Abstract: A damage test procedure was established for optical components that have large
incident beam footprints. The procedure was applied on coated samples for a high powered 1053
nm, 3-ns pulse length laser system.

OICS codes: 140.3330 (Laser damage); 220.4840 (Optical testing); 310.6870 (Thin films, other properties)

Summary: The National Ignition Facility (NIF) will be a 1.8 MJ class laser at Lawrence Livermore National
Laboratory (LLNL). A laser damage test procedure has been developed for high fluence optics that are less than
150 mm in diameter. The test and detection methodology was developed in-house and transferred to two
commercial suppliers of laser damage test services. Coated samples were tested in a damage testing facility at
LLNL and also provided to the commercial test services for damage testing according to the NIF test procedure.
The data and analysis used to support the certification of the commercial test services is described. Table 1 shows a
positive correlation (Degree-of-Fit) between thresholds from the commercial services and those thresholds obtained
at LLNL. Another criteria was used that accounted for the measurement errors, and the results tabulated as the
number of “accepted points” for each category of coating.

Table 1 Laser damage threshold correlation to data of the LLNL pre-tested samples.

Coating Type Test Service A Test Service A Test Service B Test Service B
Degree of Fit Accepted points Degree of Fit Accepted points
Anti-reflector 41% 70f9 65% 70f9
High reflector 98% 90f9 79% 8 of 9
Polarizer 93% 90f9 66% 70f9

Figure 1 below is the correlation plot of the high reflector thresholds from one of the commercial damage test

services plotted against the pre-determined LLNL values.
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Fig. 1 Laser damage thresholds of high reflector coatings. The Ideal-fit line is also the 1:1 line. The pulse length exponent
is zero for 1w high reflector coatings with a 45° angle-of-incidence.




The results of key procedural features that improve the quality of the laser damage thresholds are presented. One
feature is the sampling of a large area of the clear aperture. Another feature is testing the anti-reflective coatings as
the exit surface of the witness sample. Table 2 shows the damage thresholds of the same anti-reflective coatings
tested identically but in one case the coating is the entrance surface and in the other case the coating is the exit
surface. Testing of anti-reflective coatings as the exit surface provided a higher level of differentiation between a
high and low laser damage coating.

Table 2 Comparison of Qualified laser damage thresholds. The thresholds are at
1064 nm and scaled to 3 ns pulse lengths. There is little variation in the survivability
of the anti-reflective coatings when tested with frontside irradiation.

AR coated Samples Backside (J/sq cm) Frontside (J/sq cm)
957603 23 23
12030006 5 23
12030023 2 25

Exponents for pulse length scaling are reported for 1064 nm laser damage thresholds between 3 and 10 ns pulse
lengths of dielectric coated optics. The exponents are 0.35, zero, and 0.18 for anti-reflective, high reflector, and
polarizer coatings, respectively.

Pre-tested coated samples were also tested according to the 1ISO10110 laser damage test
procedure and the thresholds compared. Test results using the NIF procedure tended to be more
conservative than when the 1SO 10110 procedure was used. The conclusion is to damage test the
witness samples with test conditions that simulate as closely as possible the operating conditions
that the parts will undergo.

This work was performed under the auspices of the U. S. Department of Energy by the University of California
Lawrence Livermore National Laboratory under Contract W-7405-Eng-48. (UCRL-CONF-155871)
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